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© vehicle crash barrier with multiple energy absorbing elements. 


© An energy-absorbing crash barrier (10) is pro- 
vided with multiple energy-absorbing elements 
(121416) Each element includes an expanded met- 
al sheet (30) formed as a tubular column (18) which 
is internally braced with foam. In some of the sec- 
tions multiple metal columns (60.62,72,74,76) are 
provided, one eccentrically positioned within the oth- 
er The expanded metal columns provide the major 
energy-absorbing elements of the barrier, and the 
eccentrically positioned columns define a preferred 
bending direction which tends to redirect an ax.ally 
impacting vehicle away from a hardpoint. The col- 
umns in the individual elements are graduated in 
axial stiffness such that a forward section tends to 
collapse before the rearward sections, thereby pro- 
viding staged collapse. 


FIG. 8 
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Th.s .nvention relates to a crash barrier of the 
type designed to be positioned alongside a road- 
way to decelerate an impacting vehicle in a con- 
trolled manner. 

Crash barriers of the general type described 
above have been designed utilizing a wide variety 
of energy-absorbing materials. For example, US 
Patents 4,452,431 and 3,503.600 disclose energy-' 
absorb.ng devices using water-filled containers. 
The devices disclosed in 4.352,484 use honey- 
comb material which is filled with foam and which 
operates by compressing the foam and causing 
adjacent layers of honeycomb material to cut into 
one another. U.S. Patent 4.399.980 discloses an- 
other system using bendable tubes positioned be- 
tween diaphragms, and U.S. Patent 4.635.981 dis- 
closes metal columns reinforced with foam U S 

bra-H "'I 11 ; 481 diSC ' 0SeS metal COlu ™ cross 
braced with plates or straps to reduce buckling 

^nzer. U.S. Patent 4.321.989. discloses a 
crash barner having an array of bays, each contain- 
ing an element that is filled with an energy-absorb- 
ing foam (Figures 4 and 5). A wire mesh basket is 

E'° n ^ '"f 6 the f0am e,ement to co "tain the 
foam w.th.n the basket to prevent portions of the 
foam from escaping as the element is crushed 
Somewhat similarly, lyy, U.S. Patent 4.909.661 dis- 
closes a crash barrier having an upper portion 
formed of a collapsible material in which is embed- 
ded a w.re mesh reinforcement of the type shown 
in Figures 18 and 19. 

The approaches described in the above-iden- 
Jfed patents are characterized by a number of 
disadvantages. In many cases, the column stability 
of the energy-absorbing element is low. Often ex- 
pensive and sometimes bulky frameworks are re- 
quired to prevent the crash barrier (which has a 
substantial length) from buckling in an undesirable 
manner during an impact. Some of the devices 
described above appear to rely primarily on the 
compressible foam for energy-absorption. Note in 
particular that the reinforcing baskets shown in the 
■ Meinzer and lyv Patents appear to be of light 
gauge material which is not sufficiently rigid to 
cause deformation of the material to contribute any 
substantial fraction of the energy-absorbing capac- 
Jr of the element. This is not surprising in view of 
the apparent use of the basket to retain the foam 

fnTn 3 k T**' 3nd n0t t0 act as a P"ncipal 
energy-absorbing element. Another common dis- 
advantage is that metal columns such as those 
disclosed in 4.635.981 will often tend to fail in a 
buckling mode, in which a relatively small fraction 
of the metal is strained, often to a relatively small 
degree. This represents an inefficient use of the 
metal ,n the energy absorbing elements, and such 
inefficiency results in a lower energy absorption 
capacty than would be possible if a greater propor- 


tion of the metal were strained to a greater degree 
It is accordingly an object of this invention to 
provide a crash barrier that provides improved col- 
umn stability such that the need for bracing frame- 
5 works is reduced or eliminated, that provides im- 
proved efficiency by straining a large volume of 
ngid components to a large extent, that is readily 
adapted to advanced designs which are intended 
both to redirect an axially impacting vehicle as well 

ilE m ,"■ ' nd th3t Can be ""Panted in a 
lightweight, low-cost form that is relatively compact 
and well-suited for use in situations where limited 
space is available for a crash barrier. 

According to a first aspect of this invention, a 
« veh.cle crash barrier adapted to decelerate an im- 
pacting vehicle is provided, comprising at least one 
energy-absorbing element comprising a column 
and a foam disposed within the column. The col- 
umn comprises a sheet of material which defines 
20 an array of perforations extending along and ar- 
ound the column. The column defines a longitudi- 
nal axis and has a sufficient rigidity such that, when 
an impacting vehicle having an initial kinetic energy 

2S EES J , ener9y - abSOrbin 9 element and col- 
25 apses the column along the longitudinal axis, the 
foam braces the column against buckling, and de- 
formation of the column absorbs a greater fraction 

o! the foam ^ d ° 6S de,ormati °" 

30 h ? V "T 9 3 perforated sh eet in the column, it 
has been found that a relatively large volume of the 
sheet can be strained to a relatively large degree 
during axial collapse, thereby enhancing enemy! 
absorbing capacity per unit weight of the sheet. 

Shi.? , braC6S the COlumn and im P™es the 
stability of the column with respect to a long col- 

fTL° r bUCWin9 ' tten *V reducing the need 
for external frameworks. 

According to a second aspect of this invention 
<o a vehicle crash barrier is provided having at leas 
one energy-absorbing element comprising a col- 
umn and a foam disposed within the column. As 
wSL e, H f mn com P rises a sheet of material 
45 i h a " array 0f Potions extending 
« along and around the column. The energy-absorb- 
ing element and the column each define a respec- 
tive central longitudinal axis, and these axes are 
offset with respect to one another such that the 
column ,s eccentric toward a first side of the 
so energy-absorbing element along a transverse axis 

ZL nT h3S 3 SUfflCient ri 9 idi *y t0 d *ine a 
preferred bending direction for the energy-absorb- 
ing element, and this preferred bending direction is 
generally aligned with the transverse axis such that 
55 a redirecting force aligned with the transverse axis 
's applied to an axially impacting vehicle during 
axial collapse of the energy-absorbing element 
By eccentrically positioning the column within 
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the energy-absorbing element, the energy-absorb- 
ing element is provided with the capab.l.ty o re- 
directing an impacting vehicle during an axial .m- 
pact, thereby protecting the occupants of the ve- 
hide in the event the vehicle is not stopped prior to 
complete collapse of the energy-absorbing ele- 

men According to a third aspect of this invention a 
vehicle crash barrier is provided comprising a plu- 
rality of energy-absorbing elements arranged along 10 
a longitudinal axis from a forward end to a rearward 
end At least first and second ones of the energy- 
absorbing elements each comprise at least one 
column substantially aligned with the longitudinal 
axis and a foam disposed within the column. Each is 
of the columns comprises a respective sheet of 
material which defines an array of perforations ex- 
tending along and around the column. The first 
energy-absorbing element is pos.t.oned closer to 
the forward end than is the second energy-absorb- 20 
ing element, and the columns are configured to 
provide increased axial stiffness to the second than 
to the first energy-absorbing element, such that the 
first energy-absorbing element is P^ d,s P° sed J° 
begin to collapse axially before the second energy- 25 
absorbing element when the crash barrier is struck 
at the forward end by an impacting vehicle. 

By selecting the stiffness of the energy-absorb- 
ing columns appropriately along the length of the 
crash barrier, a staged collapse may be achieved. 30 
in which the forward energy-absorbing columns 
begin to collapse prior to the rearward columns. In 
this way. the column stability of the crash barrier 
can be increased, and an increasing decelerating 
force may be applied to the impacting vehicle 35 
during collapse of the barrier. 

The invention will now be described in detail, 
by way of example only, with reference to the 
accompanying drawings, in which: 

Figure 1 is a perspective view showing a pre- 40 
ferred embodiment of the crash barrier of this 
invention installed in place on a racetrack. 
Figure 2 is a partially exploded top view of the 
crash barrier of Figure 1 . 

Figures 2a. 2b and 2c are cross-sectional views 45 
taken along lines 2a-2a. 2b-2b. and 2c-2c of 
Fiqure 2, respectively. 

Figure 3 is a side view of the front energy- 
absorbing element of Figure 2. 
Figure 3a is a rear view taken along line 3a-3a so 

of Figure 3. . 
Figure 4 is a plan view of a retainer included in 
the element of Figure 3 prior to folding. 
Figure 5 is a perspective view of an expanded 
metal column included in the element of Figure 55 

Figures 5a and 5b are enlarged views of the 
encircled regions 5a. 5b of Figure 5, respec- 


tiv©lv 

Figure 6 is a rear view of one of the caps of the 
element of Figure 3. 

Figure 6a is a side view taken along line 6a-6a 
of Figure 6. 

Figure 6b is a plan view of a coupling strap 
used to couple adjacent energy-absorbing ele- 
ments of Figure 2 together. 
Figure 7 is a perspective view of a portion ot a 
skin panel included in the embodiment of Figure 

Figure 8 is a top view of the central energy- 
absorbing element of Figure 2. 
Figures 8a and 8b are cross-sectional and rear- 
elevational views taken along lines 8a-8a and 
8b-8b of Figure 8. respectively. 
Figure 9 is a perspective view of an expanded 
metal column included in the central energy- 
absorbing element of Figure 8. 
Figures 9a and 9b are enlarged views of the 
encircled regions 9a. 9b of Figure 9. respec- 
tively- 

Figure 10 is a top view of the rear energy- 
absorbing element of Figure 2. 
Figures 10a and 10b are cross-sectional and 
end views taken along lines 10a-l0a and 10b- 
10b of Figure 10, respectively. 
Figures 11a and 11b are side-elevational views 
showing the mounting of the crash barrier of 
Figure 2 in first and second alternative positions. 
Figures 12a, 12b, and 12c are fragmentary top 
views of three alternative mounting arrange- 
ments for the crash barrier 10 of Figure 2. 
Turning now to the drawings, Figure 1 shows a 
perspective view of a crash barrier 10 that incor- 
porates a presently preferred embodiment of this 
invention. In Figure 1 the crash barrier 10 is moun- 
ted to one end E of a wall W that separates a 
racetrack R from a lane L proceeding to a pit area 
(not shown). The end E represents a hard point 
and a significant danger to drivers on the racetrack 
R The wall W is typically only 18 to 24 inches 
wide and no more than about 3 feet high. Further- 
more, race cars may have an unusually low center 
of gravity, as low as about 13 inches or less. These 
dimensions represent severe constraints, and the 
crash barrier 10 has been designed not to extend 
beyond the cross-sectional dimensions of the wall 
W, and to operate with limited length and a com- 
plete absence of external bracing. 

As shown in Figure 2, the crash barrier 10 of 
this example is made up of three separate energy- 
absorbing elements: a forward section 12, a middle 
section 14, and a rear section 16. The construction 
of the sections 12, 14, 16 will be described in detail 
below. However, by way of introduction it can be 
said that each of the sections 12. 14. 16 includes at 
least one cylindrical column made of a perforated 
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vTaT*^ 38 expanded metal "hich is filled 

CSS ' 0am SUCh as a Po-yurethane 
toam. The foam braces the expanded metal col- 
umns against undesired )ong co , umn ^ co, 

promotes a controlled axial collapse that places a 
terge percentage of the metal of the expanded 
metal co.umns ,n strain to relatively high degree 

figures 2a, 2b and 2c are cross-section*, 
views of sections 12, ,4, ,6, respectiveTy.^ 
2a 2b and 2c show the respective expanded meta! 

to s m i2 "IT** "r ^ indiCate *« *»™ 
nested 1 -J* differin 9 "umbers of 

nested columns. This feature promotes sequential 
staged collapse of the barrier ,0 from front t^ack 

respect to the centerline of the barrier 10 an 
arrangement which enhances the ability of ' the 
crash barrier to re-direct an axia.ly impacting £ 
h.cle away from the end E of the wall w 

cient!rl 0 d f t th K Se f Ct,0nS 12 ' 14 ' 16 is itse,f suffi- 
tions 12 9 4 1« ,ree - standi "9- a "d adjacent sec- 

hat JL i ^ ri9id ' y S6CUred t0 9 ether such 
e ; - s W i" rearward P° rti0 " °f the rear section 

12 k Pl3Ce to the wa » w - the entire 

crash bamer 10 acts as a cantilevered beam to 
hold the sect.ons 12. 14, 16 in position paratlT, to 
11 ,? V° adWay Without au * ilia ^ bracing or 
iTZTJ^ ,0,l ° Win9 dis cussion will take up 
Jhe con strucfon of each of the sections ,2, 14, 16 

Figure 3 shows a side view of the forward 
secfon ,2. with the externa, skin remove^The 

aps sTse'Z Ih inC ' UdeS 3 C0,Umn 18 - end 
caps 34, 36. As shown in greater detail in Figure 5 

the column 18 is formed of a sheet 30 of expanded 

metal in this embodiment. The expanded m eS 

defines an array of perforations 24. each of whfoh 

.n th.s embodiment is diamond shaped and I d2£ 

a major axis 26 and a minor axis 28 PreferS 

1ST f 55 al0n9 the center of the nodes 
she'et 30 ^ " m h' 968 ° f the -P a ^ed meta,' 
5a at L? W6lded t096ther 35 shown j n ^"re 
cylinder " °' to a tubu ' a ' 

Once the column 18 is formed, a retainer 32 is 
Placed within the column 18. The retainer 32 L 
an inltia. shape as shown in Figure 4 td a folded 

co.l^Tar a e S th hOWn ^ * The e " ds " ^ 
column 18 are then secured to the end caps 34 

IfesVZTZ^ by We ' di " 9 - As show " "9 
11, , D a ' the end cap 34 is forr "od of a metal 
sheet 38 with folded flanges 40 on all fo ur s T des 
Each of the flanges 40 defines mounting holes 42 
and the end cap 34 is braced with diagonal braces 
44 w h)ch are preferab|y we|ded [ e l b ™ es 

and strengthen the end cap 34. The end cap 36 is 
■denfca. to the end cap 34. but the braces 44 have 


been eliminated. Preferably, the ends of the col- 
umn ,8 are welded to the end caps 34. 36 at each 
P«n of contact, and the retainer^ is secured to 
a wis ' 38 eXamP ' e WUh **** -res or 

sectfon 12°r f in Fi9UreS 3 and 3a > the inward 
secbon 12 defines a longitudinal axis 46 which is 

I "* ^e centra, fongitudina. axifof the 

» cao 34 , a # ° Penin9S 48 3re provided the end 
tel. 1 h ,a,e introduc «on of a foaming ma 

,nterior of ,he co,u ™ 18 - «*> 

used Fi rL 6b iS a i" an Vi6W ° f 3 COU P ,in 9 strap 50 
used to secure adjacent sections 12, 14 16 to 

n„ ■ ^ C0UP "' n9 stra P 5 ° '"eludes" Sred 

the adT Sl29d t0 r6Ceive ,aste "ers that secure 
the adjacent sections 1 2, 1 4. 1 6 together 

narJTf- 7 Sh ° WS * P"«Pec*» view of a skin 
panel that .s secured between the end caps 34 36 

J l° B EaCh 0f the actions 12. 14 . 16 includes 
two of the skin panels 54. which are secured to 
each other along axia.ly-extending edgesTe and to 
the end caps 34. 36 at the ends 58 

25 tion 'TTh! Sh Z S , 3 tOP Vi6W 0f ,he midd| e sec- 
ton 14. The middle section 14 is in many wavs 

rd ,la he tC sam e e f 7 ard ^ 12 
SZSZST* nUmera ' S ^ ^ 

30 die L'tfonTi t0 Tl ,OWard SeCti0n 12 ' th a mid- 

umns 60 62 Th ^ l *° Perf ° rated meta » col- 
umns 60 62. The column 60 is formed as shown in 

a?sn e o S wn inV"' *' *" "* C °' U ™ 62 is ^ 
as shown .n Figures 5, 5a and 5b. As before th e 

ax«s 28 of each of the perforations 24 is oriented 
crcumferentially. A * explained below, the oTente 
ton o, the perforations 24 has been found to have 

cylmdncal shape shown in Figure 5 Then tip J*! 
of the oufor co,umn 60 are w^toTen p' 

dines 7, n^dinaTr tZT' ^ " 

The inner column 62 defines a longitudinals 66 
wh.ch is parallel but laterally offset from thtbn 
gitudinal axis 64 such th a . «L • n " 
sucn that the inner column 62 is 
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eccentrically positioned with respect to the outer 
co,umn 60. As explained below, th.s provide a 
preferred bending direction to the crash barner 10 

Additionally, stiffeners 68, 70 are secured to 
the outer column 60, as for example by -voiding to 
the outer column and to the end cap S^Note that 
the stiffeners 68 are shorter than the st.ffeners 70, 
and the shorter stiffeners 68 are pos.t.oned op- 
posite the inner column 62 as shown in F.gure , 8a. 
?ne stiffeners 68, 70 are designed to strengthen 
the outer column 60 against bending and separa- 
tion from the adjacent cap 34, and because of their 
asymmetrical positioning the stiffeners 68 , 70 ra- 
inforce the preferred bending direction described 
below. The end cap 34 defines three open.ngs 48 
for the introduction of a foaming material as de- 
scribed below. 

Figures 10. 10a and 10b provide more deta.led 
drawings of the rear section 16 which includes 
three perforated metal columns 72, 74. 76. The 
column 76 is formed as shown in Figures 9. 9a and 
9b with the major axis 26 of each of the perfora- 
tions 24 oriented axially. The columns 72, , 7 A are 
formed as shown in Figures 5 5a and J>b^ The 
columns 72, 74, 76 define long.tud.nal axes * 78 , 80. 
82 respectively, and as shown in Figure 10a each 
of the axes 78, 80. 82 is laterally offset w.th respect 
to the others. Note that the inner and '"termed.ate 
columns 72. 74 are offset to the same SKJe of the 
crash barrier as is the inner column 62 so that 
both the middle and rear sections 14. 16 i prov.de 
the same preferred bending direction . The rear 
section 16 includes stiffeners 84, 86^ As before, he 
shorter stiffeners 84 are positioned oppos.te the 
inner column 72 such that the asymmetry ^ of the 
stiffeners 84, 86 reinforces the tendency of the rear 
section 16 to bend in a selected direction (to the 
right as shown in Figure 10a). The st.ffeners 84, 86 
are longer than the stiffeners 68. 70 to '"crease the 
bending stiffness of the rear section 16 as com- 
pared to the middle section 14. 

Once the metallic portions of the sections 12. 
14 16 have been fabricated as described above 
each of the sections 12. 14. 16 is then pos.t.oned 
Jth the openings 48 upwardly. Then the lower 
portion of the outer columns 18. 60. 76 are covered 
with a suitable tape and the surfaces of the outer 
columns 18. 60. 76 are wrapped w.th a su.table 
plas tic film held in place with a fiber re.nforced 
tape. Then a suitable foaming material is poured 
into the openings 48 to fill the entire reg.on w.th.n 
the outermost column with a low densrty foam. 

Once the foam has expanded and hardened, 
the skin panels 54 can be installed and then the 
sections 12. 14, 16 can be assembled together 
This is done by aligning and compressing adjacent 
sections 12, 14, 16 together such that the d.agona 
braces 44 of the end caps 34 fit within the adjacent 


end caps 36. Once two adjacent sections 12 14, 
16 have been axially compressed together, fasten- 
ers are used in conjunction W.th the coupling straps 
50 to secure the sections 12, 14, 16 together 
5 Preferably, suitable keys (not shown) are provided 
in the cap 34 to ensure that the sect.ons 14. 16 are 
assembled in the proper orientation. If desired, a 
suitable nose 88 made of a folded sheet of 
elastomer or metal may be secured to the forward 
, 0 end of the forward section 12 by means of a front 
cap 90 substantially identical to the caps 34 Dur 
ing assembly, the sections 12, 14. 16 should be 
oriented properly (as shown in Figure 2 with the 
longer stiffeners 70. 86 positioned on the same 
fS side of the crash barrier 10 (which .s the s.de 
toward which the eccentrically mounted columns 
62, 72, 74 are offset). 

The crash barrier 10 can be mounted to the 
end E of the wall W by a mounting fixture 92. The 
20 mounting fixture 92 includes a pair of spaced 
parallel mounting brackets 94 fixed to the end E of 
the wall W. A backup cap 96 .s bolted to ^ the 
mounting brackets 94, and the end cap 34 of the 
rear section 16 can be secured to the backup cap 
25 96 by coupling straps 50 of the type descnbed 

3b0 Figures 11a and 11b show two alternate posi- 
tions of the backup cap 96 with respect to the 
mounting bracket 94. In both Figures 11a and 11 b 
30 the entire crash barrier 10 is cantilevered out sub- 
stantially parallel to the roadway, held only by tte 
rear end cap 34 of the rear section 16. In he 
position shown in Figure 11a the centerhne of the 
crash barrier 10 is quite close to the roadway, and 
35 is well positioned to stop a vehicle hav.ng a low 
center of gravity. In the alternate position of F.gure 
11b the centerline of the crash barrier 10 .s por- 
tioned substantially higher as approbate for a 
more conventional vehicle. 
4 0 Figures 12a-l2c show top v.ews of three a ter 
native'mounting arrangements 100, 1«r. 100 for 
securing the crash barrier 10 to a wall W All three 
mounting arrangements 100, 100' 100" define . ver- 
tical pivot axes that facilitate rotafor .of the crash 
45 barrier 10 in a horizontal plane. The preferred 
bending direction of the crash barner .s a so , or - 
ented In a horizontal plane, and the mounting ar- 
rangements 100. 100\ 100" increase the redac- 
tion capability of the crash barrier 10. 

The mounting arrangement 100 include a 
hinge 102 positioned to the same s.de of the Ion 
gitudina. axes 46 of the barrier 10 as are the 
eccentric axes 66, 78, 80 of the eccentr.cally pos.- 
tioned columns 62, 72, 74. 
55 The mounting arrangement 100" interposes two 

collapsible tubes 104 between the barrier 10 and 
the wall W. These tubes 104 are vertically or.ented 
and are preferably sufficiently stiff that they do not 
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begin to collapse until after the forward section of 

^en ^el aS h C0MaPSed t0 3 SUbstantia ' e^ent 
Then the more heavily loaded tube 104 (often the 

tube 104 closer to the eccentric axes 66 78 BO) 

begms to collapse, thereby allowing rotation of the 

rearward end of the barrier. In this way The mount- 

•ng arrangement 100" initially supports the b^rii 

"9 d,y, and it is the axial forces devoid 

0f7e m ' 7^ th3t tr, '" er the ons * Of rotaSon 
of the mounting arrangement 1 00'. 

The mounting arrangement 100" is similar to 

ub\T 0 o 4 un s e a r 9 T nt io0, — * **** 

tube 04 farther from the eccentric axes 66 78 80 

Z 71T^ a hin9e 106 to — 

in direCt, '° n " "™ 

In operation, the barrier 10 decelerates an ax- 
.ally impacting vehicle and redirects it to one side 

^ less st,ff axtally than the middle section 14 

sec«on ,S l6 Th "l *" ^ *" the 
section 16. It has been found that for exnan^n 

ZTofTcol the type described -^rSS 

ness of the column is less when the minor axis 2ft 
* portioned parallel to the longitudina ZsZ £1 

mSZTX maj ° r 3X18 26 ^ P-t°one h d e 
parallel to the long.tud.nal axis of the column The 
geometry described above has been found to pro 
TconT C K ,aPSe ' in Which the f °™*« secfion 

ecSnsTi«H Stan,ia,,y b6f0re the midd,e or rear 
sections 14, 16 begin to collapse 

14 ^ rthe [ 1 more ' as the Middle and rear sections 
14 16 collapse, the eccentric positioning of the 

oumn C s ""^'r ^ ^ 
columns 72, 74, along with the asymmetrical oosi- 

tionmg of the stiffeners 68, 70 84 86 2 inf 
Preferred bending direction, which"' a!ong a hori ! 

to t lT e 0 7 e thf s in , ,his ^^eZ 

ro tne side of the sections 14, 16 opposite the 

n n e 9 s er a S i nerS ,h * = * 

conaose hi 96 ' *? that ' S more resis ^' to 
te„H?t ?" 3 We3ker Side ' and f he barrier 10 
ends to collapse toward the weaker side, thereby 

he wa n5 v a :,rrr impactin9 vehic,e ~ 

wim a commf; I* 656 advanta 9es are obtained 
with a complete absence of any sort of supoortino 
framework, because the crash barrier wTTo 
Ported only at the backup cap 96 connected to the 
rear of the rear section 16. 

way^SLl^ ° f eXamP ' e> 3nd Without in 
way restricting the scope of this invention the 

following materials and dimensions have been 
found suitable for one version of the apparatus ? 0 
The expanded meta, for the columns 18, 60 62 
2d £ R "* ret3iner 32 ma * be °< *• type 

*luul7^ h as Rm 9 9au " ex »> anded 

sneet (flattened) hav.ng a minor axis 3/4 inch lono 
(measured from center to center of the a^Z 


metal nodes). The columns may have a length of 
44 .nches and diameters of 22. 15 and i, inches 
The columns 62. 74 may be laterally offset by 2i 

?o f5052-Knr>\ Th. < L ea or 0 032 aluminum 

2? cotL^Ho^r the : egion within the 

foam such as POL 2052 . " 
l ah™ . 052 ( p °'ymer Development 

foamLn , ,nC " 0range ' CA >' ^ may be 

« S cSc f p 0 ace wi,h a density ° f — - p-ds 

The preferred embodiment described above 

Seen fo^rr SCale c ' ash tests, and ha" 

vantaoes 1° Tf * nUmber ° f im P° dant *«' 
» 2 ' . f0am 3nd ,he Prorated metal 

eratS „, T P T* SUCh that each ^nances op- 
eration of the other. The foam internally braces the 
meta, cylinders to prevent undesired buc Z and 

heme'tattobe ?"".«" vo '-* ° 

25 !E. ? Stramed to 3 "^lively high degree 

?mil a S r ° V ?H eS hi9h 8ner9y ^sorp^capacrty' 
Salary, the metal column contains the foam 

imoacf anr'r^ diSPerSa ' of *° ^ " an 
Sk Th d fedUCeS ° r e,iminates desired sprin- 
gback. The energy absorption capacity of the cnm 
°o me element is greater than the sum of Th ^enerov" 
absorption capacities of the individual component 

and functions as a cantilevered beam without anv 
iennth t 6Xt r al SUPP ° rtin9 Rework (J course 

be,ow 4:1 and 9 = 

scr,beTabZ re H *!. Pre,erfed em bodiment de- 
ianp? m 33 b6en found t0 c °»apse in a 

staged manner, as desired. Because the front ™i 
« umn is more easi.y collapsed than he 2? c °° " 
umns (due to orientation of the perforato ns and the 
increased number of columns in the rear inf 
absorbing elements as compared w'h he foZd 

above have been found to redirect an a^Sly im 

deceleration experienced by occupants of the ve- 
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All of these advantages are obtained in a bar- 
rier which is relatively inexpensive, lightweight, 
compact, and insensitive to environmental condi- 
tions such as temperature. As pointed out above, 
this embodiment is well suited for use in impacts 
with low center of gravity vehicles and narrow 
hazard applications, and the height of the barrier 
can readily be adjusted since no external support- 
ing frame is required. 

Of course, a wide range of changes and modi- 
fications can be made to the preferred embodiment 
described above. The columns may be formed of 
alternative materials such as aluminum or even 
non-metallic rigid sheets. The perforations may be 
formed by welding components together, as well as 
by creating openings in a preexisting sheet. The 
columns may have axial edges which overlap sub- 
stantially, thereby eliminating the need for axial 
welds The size, shape and orientation of the per- 
forations, the thickness of the column forming 
sheet, the size and shape of the column, the ma- 
terial from which the column is made, the number 
of columns, and the diameters and heights of the 
columns can all be adjusted as desired to provide 
the desired energy-absorbing characteristics. Addi- 
tionally, other foams such as polystyrene can be 
used, as well as foams with fillers or voids. It is 
anticipated that lower density foams may well pro- 
vide adequate operating characteristics while fur- 
ther reducing the weight and cost of the barrier. 
The foam may be formed of pre-sized blocks 
shaped to fit the columns, or may alternately be 
formed of small preformed foam elements adhe- 
sively secured or bonded together within the col- 
umns. . 

It is therefore intended that the foregoing de- 
tailed description be regarded as illustrative rather 
than limiting, and that it be understood that it is the 
following claims, including all equivalents, which 
are intended to define the scope of this invention. 

Claims 


10 


least one column against buckling, and de- 
formation of the at least one column absorbs a 
greater fraction of the initial kinetic energy than 
does deformation of the foam. 

2. The invention of Claim 1 wherein the sheet of 
material comprises an expanded metal sheet. 

3. The invention of Claim 1 or Claim 2 wherein 
the column comprises a pair of end caps, each 
secured to a respective end of the sheet of 
material. 


A vehicle crash barrier adapted to decelerate 
an impacting vehicle, said crash barrier com- 
prising at least one energy-absorbing element 
comprising at least one column and a foam 
disposed within the column, wherein the at 
least one column comprises a sheet of ma- 
terial which defines an array of perforations 
extending along and around the column; said 
at least column defining a longitudinal axis and 
having sufficient rigidity such that, when an 
impacting vehicle having an initial kinetic en- 
ergy impacts the energy-absorbing element 
and collapses the at least one column along 
the longitudinal axis, the foam braces the at 


4 The invention of Claim 3 further comprising a 
, 6 retainer disposed within the column ad)acent 

one of the end caps, said retainer secured to 
the sheet of material to retain the foam in the 
column in the event the adjacent end cap is 
separated from the column as the column is 
20 collapsed during an impact. 

5. The invention of any preceding claim wherein 
the energy-absorbing element further com- 
prises a second column nested within and ori- 
25 ented generally parallel to the first mentioned 

column, said second column comprising a sec- 
ond sheet of material which defines a second 
array of perforations extending along and ar- 
ound the second column. 

30 6 The invention of Claim 5 wherein the nested 
columns are eccentrically positioned one within 
the other to define a preferred bending direc- 
tion for the energy-absorbing element. 

35 7 The invention of any preceding claim wherein 
the column comprises at least one axially ori- 
ented stiffener secured to the sheet of materia 
of the column to selectively stiffen a portion of 

40 the column. 

8 A vehicle crash barrier adapted to decelerate 
an impacting vehicle, said crash barrier com- 
prising at least one energy-absorbing element 
45 comprising a column and a foam disposed 

within the column, wherein the column com- 
prises a sheet of material which defines an 
array of perforations extending along and ar- 
ound the column; said energy-absorbing ele- 
50 ment and said column each defining a respec- 

tive central longitudinal axis; said axes being 
offset with respect to one another such that the 
column is eccentrically positioned in the 
energy-absorbing element toward a first side of 
55 the energy-absorbing element along a trans- 

verse axis; said column having a sufficient 
rigidity to define a preferred bending direction 
for the energy-absorbing element; said pre- 
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ferred bending direction generally aligned with 
he transverse axis such that a redirecting 
force aligned with the transverse axis is ap- 
plied to an axially impacting vehicle during 
axial collapse of the energy-absorbing element 

The invention of Claim 8 wherein the energy- 
absorbing element comprises a plurality of 
nested columns, each column comprising a 
respective sheet of material which defines a 
respective array of perforations extending 
along and around the respective column, each 
co umn defining a respective column longitudi- 
nal axis, said column longitudinal axes being 
parallel and laterally spaced from one another 
along the transverse axis. 


w 


is 


10. The invention of Claim 9 wherein the plurality 
of nested columns comprises three nested col- 
umns. 

20 

11. The invention of Claim 9 or Claim 10 wherein 
at least one of said nested columns comprises 
a plurality of axially-oriented stiffeners com- 
prising at least one first stiffener which braces 25 
the column against lateral bending to a greater 
extent than a second stiffener, said first stiff- 
ener offset with respect to the central longitudi- 
nal axis toward the first side to increase the 
redirecting force. 


12 


The invention of any of Claims 9 to 11 wherein 
at leas one of the nested columns comprises 
at least one axially-oriented stiffener, said at 
least one stiffener asymmetrically arranged 
with respect to the central longitudinal axis to 
increase ^the stiffness of the perforated column 
toward the first side to increase the redirecting 


13. The invention of any of Claims 8 to 12 wherein 
the sheet of material comprises an expanded 
metal sheet formed into a tube. 

14. The invention of any of Claims 8 to 13 wherein 
the at least one column of the at least one 
energy-absorbing element is configured with 
sufficient rigidity such that, when an impacting 
vehicle having an initial kinetic energy impacts 
he energy-absorbing element and collapses 

the energy-absorbing element along the Ion- 
gitudinal axis, the foam braces the at least one 
column against buckling, and deformation of 
he at least one column absorbs a greater 
fractal of the initial kinetic energy than does 
deformation of the foam. 

15. The invention of any preceding claim further 


30 


35 


40 


45 


50 


55 


comprising means for rotatably mounting the 
energy-absorbing element to a hardpoint to 

222J-T ement ° f the ene '9y-absorbing 
element in the preferred bending direction. 

16. The invention of Claim 15 wherein the mount- 
ing means comprises means for rigidifying the 
mounting means during an initial portion of 
axial collapse of the energy-absorbing element. 

17. The invention of any preceding claim wherein 
the at least one energy-absorbing element 
comprises a plurality of energy-absorbing ele- 
ments ng.dly secured together to form a beam 
and wherein the invention further comprises a 
mounting bracket secured to a rearward one of 
the energy-absorbing elements to cantilever 
the beam substantially horizontally above a 
roadway. 

18. The invention of Claim 17 wherein the beam 
defines a length and a diameter, and wherein 
the ratio of length to diameter is greater than 


19. 


The i nve n tion of C|ajm 1Q 
at least about 6:1. 


20. A vehicle crash barrier adapted to decelerate 
an impacting vehicle, said crash barrier com- 
prising a plurality of energy-absorbing ele- 
ments arranged along a longitudinal axis from 
a forward end to a rearward end; at least first 
and second ones of the energy-absorbing ele- 
ments each comprising at least one column 
substantially aligned with the longitudinal axis 
and a foam disposed within the column, each 

whfrh H C r S com P risin 9 a ^eet of material 
which defines an array of perforations extend- 
ing along and around the column; said first 
energy-absorbing element being closer to the 
forward end than is the second energy-absorb- 
ing element; said columns configured to pro- 
vide .ncreased axial stiffness to the second 
than to the first energy-absorbing element 
such »ha, the first energy-absorbing element is 
predisposed to begin to collapse axially before 
he second energy-absort>ing element when 
the crash barrier is struck at the forward end 
oy an impacting vehicle. 

The invention of Claim 20 wherein the first 
energy-absorbing element comprises a smaller 
number of columns than the second energy- 
absorbing element. 

least selected ones of the columns each com- 


21. 
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prise a plurality of axially-oriented stiffeners. 
and wherein the stiffeners are arranged to pro- 
vide increased stiffness to the second energy- 
absorbing element as compared to the first 
energy-absorbing element. 

23. The invention of Claim 22 wherein the stiffen- 
ers of at least one of the energy-absorbing 
elements are disposed asymmetrically about 
the longitudinal axis of the respective energy- 
absorbing element to selectively stiffen a first 
side of the energy-absorbing element to define 
a preferred bending direction for the energy- 
absorbing element. 


w 


15 


24. 


The invention of any of Claims 20 to 23 
wherein the sheets of material of the columns 
each comprise a respective tubular sheet of 
expanded metal. 

25 The invention of Claim 24 wherein the perfora- 
tions of the expanded metal sheets each de- 
fine a major axis and a minor axis. 

26. The invention of Claim 25 wherein at least one 
of the expanded metal sheets of the first 
energy-absorbing element is oriented with the 
minor axes of the perforations parallel to the 
longitudinal axis, and wherein at least one of 
the expanded metal sheets of the second 
energy-absorbing element is oriented with the 
major axes of the perforations parallel to the 
longitudinal axis. 

27 The invention of any of Claims 20 to 26 
wherein the at least one perforated column of 
at least the second energy-absorbing element 
is configured with sufficient rigidity such that, 
when an impacting vehicle having an initial 
kinetic energy impacts the crash barrier and 
collapses the second energy-absorbing ele- 
ment along the longitudinal axis, the foam 
braces the at least one perforated metal col- 
umn against buckling, and deformation of the 
at least one perforated metal column absorbs a 
greater fraction of the initial kinetic energy than 
does deformation of the foam. 


ones of the energy-absorbing elements togeth- 
er to form a beam; and a mounting bracket 
secured to a rearward one of the energy-ab- 
sorbing elements to cantilever the beam sub- 
stantially horizontally above a roadway. 

30 The invention of Claim 29 wherein the beam 
" defines a length and a diameter, and wherein 
the ratio of length to diameter is greater than 
4:1. 

31. The invention of Claim 30 wherein the ratio is 
at least about 6:1 . 

32 The invention of any of Claims 20 to 31 further 
comprising means for rotatably mounting a 
rearward one of the energy-absorbing ele- 
ments to a hardpoint. 


20 


25 


30 


35 


40 


45 


28. 


The invention of any of Claims 20 to 27 
wherein at least the second energy-absorbing 
element comprises axially-oriented stiffeners 
secured to a respective one of the columns to 
selectively stiffen the second energy-absorbing 
element with respect to the first energy ab- 
sorbing element. 

29. The invention of any of Claims 20 to 28 further 
comprising means for rigidly securing adjacent 
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